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摘  要 











法，测量了 HB-PCF 的群双折射 gB 的波长依赖关系；通过模式双折射 mB 和波长
的经验公式，得到了 1mB 的波长依赖关系。通过对获得的 gB 和 1mB 的比较，本文







断法，直接测量得到了 HB-PCF 的模式双折射 2mB 随波长的变化关系。通过 APSS
软件仿真，本文得到了模式双折射 3mB 的波长依赖关系。最后，本文对上述三种
方法获得的模式双折射 1mB 、 2mB 、 3mB 进行了比较、分析。  
本文对晶体中的双折射现象以及由双折射晶体制成的传统波片进行了介绍；
























                              Abstract  
Concept and design of the photonic crystal fiber (PCF) was proposed by Ph. St. 
Russell and others in the early 1990s. Photonic crystal fiber (PCF) has many 
properties, such as endlessly single mode; flexible dispersive property; large mode 
area, etc. Highly birefringent photonic crystal fiber could be obtained through 
changing the shape、size and rearranging the air holes. 
  The birefringence of polarization maintaining fibers can be obtained by three ways: 
ways base on beat length measure, ways based on polarization mode dispersive and 
refraction near field way. The birefringence of photonic crystal fiber could be 
indirectly  measured by three ways: wavelength sweep method、twist method and 
polarization-sensitive optical frequency-domain reflectometer(POFDR) method.  
    According to the wavelength sweep method, the wavelength independence of the 
group birefringence gB  is measured in this paper. And the wavelength independence 
of the modal birefringence 1mB  is determined by the relaltion between the group 
birefringence and modal birefringence. Through the comparison between 






couldn’t be ignored simply in the high birefringence photonic crystal fiber(HB-PCF) . 
The wavelength independence of the modal birefringence 2mB  is directly measured 
through the cut-off way by the first time. The modal birefringence 3mB  is simulated 
by the Apollophotonic Software APSS. The three kinds modal birefringence are 
compared and the difference among them is analyzed.   
    Birefringent phenomenon in the crystal and the conventional waveplates which 
are made of it are introduced in this paper. Fiber waveplate which is made from high 
birefringent photonic crystal fiber has been analyzed and measured. The temperature 
independence of the HB-PCF is measured.  And a circle polarized light with it’s 
extinction ration at 0.27dB has been obtained through this new quarter waveplate.  
Key words: High Birefringence Photonic Crystal Fiber、Modal Birefringence、Beat length 
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（a）  一维             （b）  二维            (c)  三维 





从电磁场理论知道，在介电系数 ( )rε 呈空间周期性分布的介质中，频率为ω
的单色电磁波（光波）的传播，服从麦克斯韦（Maxwell）方程组。在麦克斯韦
（Maxwell）方程组中，设 1μ = （电介质为非磁性介质）并消去H ，得到关于电
场E 的方程： 
            
2
2
2( ) ( ) 0E r E rc
ω ε∇ + =
                         （1.1） 
如果介电常数是周期性变化的，则有 ( ) ( )r r Rnε ε= + ；这里，Rn 为任意光
学晶格的晶格矢量。另外，我们可以将介质的介电常数写为两部分之和       





( )a rε 则是整个散射体相对于等效介质的介电常数。于是，我们得到： 
[ ]2 2 2( ) ( ) ( ) ( ) ( )a br E r E rc c
ω ωε ε⎧ ⎫−∇ + − =⎨ ⎬
⎩ ⎭             （1.2） 
  这是一个矢量方程，但可以化为标量方程： 
[ ]2 2 2( ) ( ) ( ) ( ) ( )a br r rc c
ω ωε ε⎧ ⎫−∇ + − Φ = Φ⎨ ⎬
⎩ ⎭              （1.3） 
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